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The concept ofseparating liquid mixtures (salt solution) using membrane technology has
gained tremendous applications in the industry. This is due to the number ofadvantages
possessed by the membrane, such as ease of operations, low energy consumption, easy
for expansion, small floor area, cost effectiveness and good weight and space efficiency.
The reverse osmosis membranes are specified in terms of their "percentage rejection of
salts". The membranes that are supplied are classified as tubular type, which is widely
used and have turbulent flow conditions. Liquid permeates through the membrane and
feed emerges ina more concentrated form onexit from module.
The objectives ofthis research are to investigate the performance ofmembrane in order
todetermine the flux and rejection salt, also todetermine the importance parameters such
as concentration at different pressure, permeability of water and percentage of salt
remove by using different type of chemicals. The experimental equipment consisted of
four RO membranes with same material and in-line system sensor, which allows data
acquisition system on a continuous base on pressure, flow rates and also weight of
permeates. In the process, retentate is recycled tothe feed tank and permeate is collected
separately.
From the data obtained and graph plotted, it shows that flux and rejection increased as
increasing the pressure but decreased with the concentration. More concentrated the
solution will reduce the number of flux and rejection in the RO membrane. Different type
of chemicals was used in order to compare the fluxand rejection based on the molecular
weight and ionic size. Higher in molecular weight and ionic size shows lower the flux
and rejection.
Parameters are analysed so that optimum-operating conditions are suggested. In this
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Studies of membrane can be traced in the 18th century. Through the 19th and 20th
centuries, membranes had no industrial or commercial uses, but rather used as laboratory
tools to develop science theories. Since then, membrane have gained and important role
in chemical technology. Nowadays they are used in abroad range of applications either
in industrial or medical purposes. The main asset that is exploited is the ability of a
membrane to allow and control the permeation rate of chemical species through the
membrane. Membrane processes are designed to carry out physical and physiochemical
separations. Although most membrane applications are water based, there also exist gas-
liquid and gas-gas separation processes, although these are more recent developments and
have not yet achieved widespread implementation. In terms of membrane sales, the most
important application by far is hemodialysis, as carried for by this one application. The
development of membrane-based bulk water and wastewater treatment processes, as
defined in Table 1, is nonetheless significant, since they offer three clear advantages over
convectional techniques:
1.1.1 Separation is achieved without requiring a phase change, and is therefore more
energetically efficient than distillation.
1.1.2 Little or no accumulation takes place in the process which therefore operates
continuously under steady-state condition without necessitating regeneration
cycles, unlike adsorptive separation processes.
1.1.3 Little or no chemical addition is required, unlike convectional clarification
which generally relies on the addition ofchemical coagulants and flocculants.







Removal of inorganic ions
(Selective) removal of multivalent ions and
certaincharged or polarmolecules
Removal of both large, dissolved solute
molecules and suspended colloidal particles
Removal of suspended solids, including
microorganisms
1.2 Membrane and membrane process definition
There are a number of definitions of theword "membrane", which can vary considerably
in comprehensiveness and clarity. It is avery widely used term, and can mean anything
from a cell wall to damp proofing material. Three definitions, arbitrarily chosen from
pertinent technical literature from last 20 years are provided below:
1.2.1 "An intervening phase separating two phases and/or acting as an active or
passive barrier to the transport of matter between phase" - the European
Society ofMembrane Science and Technology.
\22 "An interphase separating two homogenous phases and affecting the transport
of different chemical components in a very specific way" - Prof Heine
Strathmann, former Head of the Department of Membrane Technology,
University ofTwente.
1.2.3 "A material through which one type of substance can pass more readily than
others, thus presenting the basis ofa separation process" - Prof George Solt,
former Director ofthe School ofWater Sciences, Cranfield.
Sort's definition canbe considered adequate: it is that property of the membrane which
permits the separation ofcomponents in and / or from water that is ofkey interest. For
many processes the membranes acts to reject the pollutants, which may be suspended or
dissolved, and allow the "purified" water through it. In some cases, however, the
membrane may act so as to extract pollutants from the wastewater. In these cases the
membrane is employed to allow selective permeation of specific components dissolved in
the water. In these processes it is the bulk water that passes through the membrane under
an applied pressure, leaving the pollutants in concentrated form and the unpermeated side
of the membrane. (Simon Judd et. al, 2000)
1.3 Application ofMembrane for Salt Separation
The following are a few examples of application where the membranes have been used
successfully (Inge Bisconer, 1998):
1.3.1 Seawater desalination. One of the major obstacles to efficiently desalting
seawater is the tendency for RO membranes to become fouled with silt and
organics. UF can remove these fouling constituents before the water reaches the
RO membrane, reducing fouling and increasing efficiency.
1.3.2 Sugar industry. NF and UF membranes are routinely used to concentrate sugar
and clarify sugar streams in the sugar industry. NF typically is used where
traditional heat concentration processes are undesirable or inefficient. NF
membranes consistently separate sugars of a specific molecular weight and
remove 60 percent ofthe water, concentrating raw juice from 12 to 30 Brix, a
scale that measures the weight of sugar in solution. UF membrane's sharp
molecular weight cut-off capabilities are used to clarify sugar streams. Color,
tannins and other undesirable organic components are preferentially rejected
while sugar molecules areallowed to pass.
1.3.3 Dairy industry. Some ofthe most successful membrane applications are in the
dairy industry where the production ofwhey, a protein by-product of cheese
making, creates a pollution and disposal problem. Although whey consists of
high-quality protein and lactose, the high ratio oflactose to protein and the low
solids content make it unusable as is. In modern cheese-making facilities, UF,
NF and RO are used to render liquid cheese whey into whey protein powder,
concentrated lactose and reusable water. Typically, whey is first treated with UF
to reject and concentrate the protein fraction, from which protein power is then
produced. The UF permeate containing the lactose and salts is then nanofiltered
to concentrate the lactose and pass most of the salts. Finally, the NF permeate
(salty water) is then desalinized by RO for reuse in the dairy operation.
1.3.4 Textile industry. The textile industry uses valuable dyes, which are clearly
visible if discharged into public waterways. In addition, these dyes have been
shown to be trihalomethane (THM) precursors processing carcinogenic
properties. Thus their disposal creates both an aesthetic and environmental
wastewater problem. At the same time, the textile industry continually seeks to
conserve water and would economically benefit from dye recovery. NF
membranes address all these issues. First, textile dyes are rejected, recovered
and reused. Second, waterway pollution is avoided. And third, reusable water is
produced. The textile industry also uses synthetic sizing agents, which are
expensive and non-biodegradable and pose significant waste treatment
problems. Ultrafiltration membranes are used to recover and reuse these agents,
avoiding expensive chemical and waste treatment costs. NF and UF membrane
technologies continue tomeet customer demands on a daily basis.
1.4 Properties ofMembrane Structure and Material
Although membrane materials vary vastly according to chemical composition and
process type, the principal objectives in membrane manufacturer are always the same. An
ideal material will:
1.4.1 Have reasonable mechanical strength.
1.4.2Maintain a high throughput
1.4.3Be selectivefor the desiredpermeate constituent
These last two parameters are mutually counteractive, since ahigh degree ofselectivity is
normally only achievable using a membrane having small pores and thus an inherently
high hydraulic resistance (or low permeability). The permeability also increases with
increasing density of pores, and the overall membrane resistance is directly proportional
to its thickness (in accordance withDarcy's law).
Finally, selectivity will be compromised by abroad pore size distribution. An optimum
physical structure for any membrane materials is thus:
1.4.4 Athin layer ofmaterial
1.4.5 A narrow range of pore size
1.4.6 A highporosity
Membrane materials can be categorized as either dense or porous, and by the mechanism
by which separation is actually achieved (Table 2). Separation by dense membranes relies
to some extent on physicochermcal interactions between the permeating components and
the membrane material, and relate to separation processes having the highest selectivity.
Porous membranes, on the other hand, achieve separation mechanically by size exclusion
(i.e. sieving), where the rejected material may be either dissolved or suspended
depending on its size relative to that of the pore. (Simon Jude et. al, 2000)
Table2: Category ofmembrane material
Dense
Reverse Osmosis (RO)
Separation achieved by virtue of differing
solubility and diffusion rates of water
(solvent) and solutes in water.
Nanoflltration (NF)
Formerly called leaky reverse osmosis.
Separation achieved through combination
of charge rejection, solubility-diffusion and
sieving through micropores (<2 nm).
Porous
Ultrafiltration (UF)
Separation by sieving through mesopores
(2-50nm)
Microfiltration (MF)
Separation of suspended solids from water
bysieving through macropores (>50 nm)
In this research, we are going to discuss and focus only on the membrane of Reverse
Osmosis (RO). The reverse osmosis membrane is specified in terms ofthe "percentage
rejection of salts". The actual pore size of RO membranes is of little practical
consequence, since there are other mechanisms more dominant than simple sieving that
determine membrane performance. The purification performance ofthis membrane can
only be rated according to their actual demonstrated permselectivity, i.e. the extent of the
rejection ofkey contaminants by the membrane, under some defined set ofconditions.
RO membranes are designed to reject all species other than water, although they are
unable to offer a significant barrier to dissolved gases and certain low-molecular-weight
organic molecules. Membranes are always rated for flux and rejection. NaCl is always
used as one measure ofrejection, and for a very good RO membrane, it will be99 percent
or more. Test results are very much a function of how the test is run, and membrane
suppliers are usually specific on the test conditions. Salt concentration will be specified
as some average of feed and exit concentration, but both are bulk values. Salt
concentration at the membrane governs performance.
RO is a high pressure, energy efficient technique for dewatering process streams,
concentrating low molecular weight substances in solution, or purifying wastewater. It
has the ability toconcentrate all dissolved and suspended solids. RO is widely used inthe
desalination of seawater. In general, RO membrane is capable of separating substances as
small as ions from feed streams. All the membrane types allow water to pass. For
example, RO membranes typically reject most ofthe ionic and organic species from the
feed stream, allowing only water to pass. RO membrane is rated by terms of percent salt
rejection andflow. (Robert H. Perry et. al, 1997)
1.5 Problem statement
It is essential to expand application of membrane technology in this current day. But to
make this happen, the membrane process must be economically feasible, can obtain a
highly permeable and selective membranes are good in mechanical aspect and achieved
thermal stability. Table 3 shows the parameters of membrane design. A remarkable
progress has been made in the development of high-performance polymers for liquid
separation and recently, more and more studies have been done to apply membrane in
any area of industry. This research project is another significant effort to determine the
characteristic, performance and special traits ofmembrane for development ofmembrane
technology.
Table 3: Membrane design depends on quality of parameters
Parameter Impact
Feedwater composition Osmotic pressure, scaling, membrane stability, permeate
quality
Feedwater temperature Flux, membrane stability
Permeate flux Transmembrane pressure, concentration polarization,
fouling, pressure loss
Cross-flow velocity Concentration polarization, fouling, pressure loss
Membrane material Membrane stability, permeate quality, fouling
1.6 Objectives and Scope of Study
The objectives of this researchare:
1.6.1 To investigate the performance of the membrane in order to determine the flux
and rejection of salt.
1.6.2 To study the effect of flux and rejection on different concentrations, pressures
and type of chemicals,
The scopes ofthe study are:
1.6.6 Using similar types ofmembrane (RO membrane) for each experiment.
1.6.7 Conducting several experiment to check thecharacterization membrane.
CHAPTER 2
LITERATURE REVIEW / THEORY
2.1 Limitations in Membrane
In RO, osmotic pressure is a critically important design consideration. Osmotic pressure
E[ is always calculated for the bulk-feed stream. It varies along the membrane train as salt
concentration rises. The osmotic pressure that really matters is the one atthe membrane,
higher by the amount polarization raises the concentration there. As ageneral rule for a
new membrane application, the inlet concentration is limited to about 0.5 N, for which II
s 2.5 MPa, giving a final concentrate n of 5 MPa for 50 percent conversion. Afew
systems may be designed at much higher pressure. It is rated for 65 percent conversion on
ocean water, and can concentrate sucrose to 60 percent using a special technique and
membrane.
Membrane material used in this research is aromatic polyamide (aramid). Polyamides
were an obvious group of polymers to make membranes out of. However the aliphatic
polyamides failed to meet many of the environmental demands and failed to realize a
major position. Polyamids are naturally more hydrophilic than the polysulphones. This
membrane is a copolymer of 1-3 diaminobenzene with 1-3 and 1-4 benzenedicarboxylic
acidchlorides that canbe seenin figure below(Figure 1).
Figure 1:Synthetic route aromaticpolyamide
They are usually made into fine hollow fibers, 93 \im outer diameter by 43 urn inner







Figure 2: Schematic ofmembrane element showing cut-away section ofinternals
Aromatic polyamides have a much higher resistance and may be used in a wider pH
range (4-11). These membranes are widely used for seawater desalination and to some
extent toother process applications. The hollow fibers are capable ofvery high-pressure
operation and have considerably greater hydrolytic resistance than cellulose acetate (CA).
Their packing density in hollow-fiber form makes them very susceptible to colloidal
fouling and they have essentially no resistance to chlorine. The major weakness of
membranes made from polyamide is that they have limited oxidative resistance. Another
weakness if thatat extreme pHs the amide group canhydrolyze.
Concentration polarization is a function ofboth fluxes, which increases the mass rate of
material stranded at themembrane andcross-flow velocity, which reduces polarization by
enhancing feed-side mass transfer. Polarization is far less ofaproblem in reverse osmosis
and nanofiltration than it is in ultrafiltration or microfiltration, but it cannot be ignored. If
cross-flow velocity is insufficient, rejected species concentrate near the membrane to an
unacceptable level. The resulting increase in osmotic pressure and the precipitation of
sparingly soluble species (scaling) are concerns. Scale inhibitors are normally added to
water when they are appropriate and, for these feeds, careful consideration of cross-flow
velocity is required. Hollow-fiber modules operate at low flux and at low cross-flow
velocity so diffusion is better able to reduce polarization; spirals have much better
redispersion rates, but can be overdriven ifoperated atfluxes above the design values.
For most membrane application, particularly for RO, pretreatment ofthe feed isessential.
If pretreatment is inadequate, success will be transient. For most applications,
pretreatment is location specific. Well water is easier to treat than surface water and that
is particularly true for sea wells. If heavy metals are present in the feed even in small
amount, they may catalyze membrane degradation. If surface sources are treated,
chlorination followed by through dechlorination is required for high-performance
membranes. It is normal to adjust pH and add antiscalants to prevent deposition of
carbonates and sulfates on the membrane. The same treatment is appropriate for other
colloidal materials. Ultrafiltration or microfiltration is excellent pretreatments, but in
general they are uneconomic. (PS. Cardew et. al, 1998)
2.2 Basic Principles of Operation
RO is pressure-driven processes where the solvent is forced through the membrane by
pressure, and the undesired co products frequently pass through the membrane by
diffusion. The major processes are rate processes, and the relative rates of solvent and
solute passage determine the quality of the product. The general consensus is that the
solution-diffusion mechanism describes the fundamental mechanism of RO membranes,
but a minority disagrees. Fortunately, the equations presented below describe the
observed phenomena and predict experimental outcomes regardless of mechanism. For
RO, Eq. (1) becomes:
J=£w.(P -P )-(nf -IIp) =^(AP-AII) (1)
2 Z
Where pw is the water permeability ofthe membrane, m2/Pa.s and the subscripts /and p
refer to feed and permeate. II is the osmotic pressure, Pa. Since the thickness of the
active layerz is almostnever known. Eq. (1) is usuallymodifiedto the form
J=(- L_)(AP-AH) (2)
Where Rm is the membrane resistance, Pa.s/m. other resistance terms (Rn ) may be
added, such as terms for fouling or compaction. Normally, the important terms are the
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inherent membrane resistance, the driving force P, and the osmotic pressure in the feed,
ft. For a high rejection RO membrane, the back-pressure and pressure terms for the
permeate are insignificant. For most work, the van't Hoff approximation for osmotic
pressure gives anadequate estimate:
n =vnsRT (3)
Where vns is the total concentration of ions, kmol/m3 and R= 8.313 kPa.m3/kmol.K. This
equation should not be used for any unusually high concentration operation, or where
accuracy is important.
Salt flux across a membrane is due to effects coupled to water transport, usually
negligible, and diffusion across the membrane. Fick's law may be written:
N,.D.B^U^ (4)
Where z is the thickness ofthe membrane active layer, and Cf and Cp are concentrations
in the feed and the permeate, respectively. Di is the diffusivity in the membrane. Equation
(4) describes the basic diffusion equation for solute passage. It is independent ofpressure,
so as AP - ATI ~> 0, rejection -* 0. This important factor is due to the kinetic nature of
the separation. Salt passage is dependent on P - II. Therefore, when the membrane is
operating near the osmotic pressure of the feed, the salt passage is not diluted by much
permeate water. The flux equation assumes constant temperature. As T rises, II rises
slowly, but around 25°C the viscosity of water drops enough to produce about a3percent
rise in flux per°C. {Robert H. Perry et. al, 1997)
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2.3 Theoretical Background
Membrane separation technology has evolved from asmall-scale laboratory technique to
alarge-scale industrial process during the pass 30 years. Numerous theoretical models for
nanofiltration and reverse osmosis have been proposed along with the identification of
new factors controlling flux or mass transfer through membranes. The basic operating
patterns are best outlined in terms of the hydrodynamic resistance resulting from the
buildup ofdeposited materials on the membrane surface. The flux, Jwill be given by:
7_±_dV_ AP _ AP (5)
Amdt ~v(Rm+Rc) ~v[*m+(<*FQ/4J]
For most biological materials, a is avariable depending on the applied pressure and time
(the compressible deposit), so that the expression requires anumerical solution.
Auseful method for the effects ofcross-flow removal ofdepositing materials is to write:
APJ= , * , «9
Removal of solute by cross-flow is sometimes assumed constant, and equal to the
convective particle transport at steady state (JssCb% which can be obtained experimentally
or from an appropriate model. In many situations however, steady state of filtration is
seldom achieved. Insuch cases, it is possible to describe the time dependence offiltration
by introducing an efficiency factor, p, representing the fraction of filtered material
remaining deposit rather than being swept along by the bulk flow. This gives:




Figure 3: Typical dependence ofmembraneflux, (a) Appliedpressure difference, (b) Solute concentration,
Solution containing macromolecular gel-forming solute will form agel on the surface of
the membrane. The gel formation will contribute to formation of dynamic membranes.
The mechanism is as follows:
Due to convective flux through the membrane a concentration of the solution at the
surface Cw increases and eventually reaches agel formation concentration Cg (Figure 3b).










As long as concentration Cw is less than Cg, Cw will increase with pressure, but the
moment Cw, equals Cg, an increase ofthe layer resistance Rp, and the flux will no longer





1The slope obtained from the plot of flux, Jversus AP is equal to—-.
The retention ofany solute can be expressed by the rejection coefficient, R
(10)
= \n(CfICQ) (n)
Where, Cf is final macrosolute concentration in the retentate
C0 isinitial macrosolute concentration
V0 is initial volume
Vf isfinal retentate volume
This expression assumes complete mixing of retentate seldom accomplished due to
concentration polarization. For material entirely rejected, the rejection coefficient is 1
(100% rejection), for freely permeable material it is zero. (Solteq manual, 2004)
In reverse osmosis and nanofiltration, the membrane selectivity is usually quoted as a
rejection (or retention), and is defined in terms of the fraction ofthe solute in the feed that
appears in the permeate:
C,
R = 1 xl00% (12)
where Cp is the concentration of the permeate and Cf is the concentration of the feed
rejections are usually quoted on a percentage basis. In benchmarking for RO, sodium
chloride is the most commonly used solution. For solution mixtures the various solutes/
ions have different rejections. Most ions have positive rejections, but in a number of
cases, certain species (usually those involved with weak acids) can chow a strong
14
negative rejection. In practice, the rejecting properties of a membrane can be
characterized through any relevant measure ofthe composition. Common measures are:
2.4.1 Conductivity
2.4.2 Refractive index
The most widely used measure in RO is conductivity, while refractive index is widely
used in food applications.
Rejection is afunction of molecular size and shape. Nominal cut-off levels, defined with
model solute, are convenient indicators. Fractional rejection by membranes with low MW
cut-off spans a narrower range of molecular size than by more open membranes. For
maximum retention of a solute, select a membrane with nominal cut-off well below the
MW of the species. Many biological macromolecules tend to aggregate so that effective
size may be much larger that the "native" molecule, causing increased rejection. Degree
of hydration, counter ions and steric effects can cause molecules with similar molecular
weights to exhibit very different retention behavior. The predicted behavior ofrejection







Figure 4; Plots ofrejection andflux versuspressurefor membranes with various characteristicspressures.
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2.4 Literature review / Theory for other research thathad been done
2.4.1 The rejection of specific organic compounds by reverse osmosis
membranes by C. Frederik Schutte, Department of Chemical Engineering,
University ofPretoria, South Africa, February 2003.
The performance characteristics of two commercially available reverse osmosis (RO)
membranes, one cellulose acetate and the other composite polyamide, were investigated
with respect to the rejection of different organic compounds to investigate correlation
with certain solute physical-chemical parameters. It is shown that solute flux in the
membrane is a function of effective molecular size of the solute.
Tables 4 and 5 summarize alcohol and phenol rejection data respectively, while Figure 5
graphically shows rejection of linear alcohols by the two membranes as a function of
molecular mass. From this figure there is a pattern for the rejection of the linear
homologues by the composite membrane. On the other hand rejection of the linear
homologues by the cellulose acetate membrane is much lower and does not follow the
same pattern of high rejection of 25-30% are obtained for methanol and 1-propanol,













Figure5: Rejection oflinear alcohol vsmolecular mass by
compositepolyamide andcellulose acetate membranes.
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Table 4: Alcohol rejection data dilute feed solutions 5.0 mmol/l, 25°C.
Solute CampOtite PA membrane rejection Mbl.maa CA membrane rejection



















































































0.93 0.955 0.967 116.2 NA 0.131
NA
Table 5: Reverse osmosis data for phenols. Dilute feed solutions 2.0 mmol/l, 25°C.
Sohite PAmi PArei PAih. Mol. CArej. CArej.
*H05kPa *28l01cP» tt5620fcPa mass atl40StPa *2810fcP» «t5620Ua
Phenol (1) 0.87 0.92 0.94
4-nwihyl phenol (2) 0.91 0.94 0.967
4-c*ylpteno!(3) 053 0.96 0.9TO
2,6-iMmeflwtiil*Bnol(4) 0575 0.978 0.991
4-tt-propylphenol(5) 0.967 0.976 0.980
4.isopR>pylpto»l<6) 0.978 0.984 0.988
BenanefT) 0.80 0.86 0.88



























The general trend ofrejection of linear alcohols by the composite PA membrane indicates
that a simple correlation exists with molecular mass. However, rejection ofthe branched
isomers does not fell into this pattern. It should be noted that rejection of branched
isomers is higher than for linear isomers of equal molecular mass. For the rejection of
alcohols by the composite PA membrane, molecular mass of the particular alcohol gives
a good indication of the degree ofrejection that may be attained taking into account that
rejection of branched isomers will be higher than rejection of the linear equivalent
Rejection of the different phenols by the PA composite membrane (Table 5) follows the
same general trend as for the alcohols with higher rejections as the molecular mass and
molecular size of the solute increase. Rejection by the cellulose acetate membrane is in
general very much lower than rejection by the composite membrane and even negative





Figure 6: Phenolpermeation vstime.
Figure 6shows the rate ofphenol permeation through the three membranes. The very low
permeation rate through the composite PA membrane compared to the CA membrane is
in line with phenol reverse osmosis data for these two membranes.
Table 6 shows that when solute rejection is considered, membrane rejection R gives a
good reflection drops from 0.95 to 0.90 the number of moles rejected drops
proportionally, ie. from 9.5 to 9.0 in this example.
Table 6:Rejection compared topermeation
Rejection Feed Peimeai* «n»«^ ^^^ted

































When rejection drops from 0.95 to 0.90 (i.e. a5% drop), there is a100% increase in the
number ofmoles permeating the membrane from 0.5 to 1.0 mol. Similarly when rejection
drops form 0.995 to 0.95 (i.e. about 5%), there is a tenfold increase in the number of
moles permeating the membrane. Although these differences are only relative, they are
important when considering the actual passage of molecules through amembrane and in
attempting to relate changes in permeation to molecular characteristics. This is true
especially when small differences in the high rejection range >0.90 are important. In
such cases solute flux Js offers a better means ofcomparison.
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2.4.2 Observations on solvent flux and solute rejections across solvent
resistant nanofiltration membranes by Emma Gibbins, Marco D'Antonio, Dinesh
Nair, Lloyd S. White, Luisa M. Freitas dos Santas, Ivo F.J. Vankelecom, Andrew G.
Livingston, Department of Chemical Engineering, Imperial College, United
Kingdom, March 2002.
Solvent flux decline and membrane separation properties are investigated (including their
dependence on pressure), using methanol with quaternary alkyl ammonium bromide salts
with molecular weights (MW) in the range 322 to 547 Daltons as solutes. The
membranes are characterised in terms of an equivalent uniform pore size using three
simple pore flow models: Ferry model, Steric Hindrance Pore (SHP) model and Verniory
model.
Figure 7 shows the effect of pressure on initial and final (steady) solvent flux. Both
fluxes increase linearly with pressure, consistent with both the pore flow and solution
diffusion models. Figure 8 shows the percentage solvent flux decline (from initial to
steady) as a function ofpressure. MPF50 responds quickly to pressure, reaching steady
state almost immediately; the percentage flux decline is almost independent ofpressure.
The flux decline in STARMEM 122 reaches a steady value of 70% as pressure increases,








13 20 30 40 SO
pressure {bar)
Figure 7: Influence ofpressure on initial and end
fluxesforpure methanol andSTARMEM 122.
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Figure %: Influence ofpressure on %flux decline
forpure methanol, STARMEM 122 andMPFSO.
It was demonstrated thatastheamount ofmethanol permeated across themembrane prior
to quat filtration was increased, the rejection improved. The effect ofpressure on the
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rejection of the membrane was studied for a range of quats. A clear positive dependence
was observed for all membranes. Figure 9 shows the pressure trend for STARMEM 122














Figure 9: Influence ofMWand appliedpressureon rejection
ofa MWspreadofquatsin methanolfor STARMEM 122.
a* 98
O STARMEM 122 rtk«g«x
XDeaaiDL **




Figure 10: Rejectiondataat 30 barfor all membranes studied
The predicted pore size varies with applied pressure and solute size, though these
variations are small enough that they may be neglected. Thus, the membrane pore size
can be quotedon the basis ofan averageover all pressuresand solutes.
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2.4.3 The specific behaviour of NF membranes in the separation of high
ionic strength electrolyte solutions by A. Schonauer and W. M. Samhaber, Institute
of Process Engineering, Johannes KeplerUniversity Linz, Austria.
The measurements were carried out with single-salt solutions containing MgCh, NaCl
and Na2S04 by using commercially available polymeric nanofiltration membrane. In
Figure 11 the rejection is plotted against the salt concentration in the feed ofthe solution.
Figure 11: Rejection Rofdifferent salts asafunction ofthefeed
concentration cfor a DKmembrane
The diluted solutions the membrane shows the following salt rejection sequence: R
(MgCl2) <R (NaCl) « R(Na2S04). In this case, the rejection sequence is explained by
two ways. From Peeters (1998) differences in diffusion coefficients between the different
salts is responsible for the sequence. As shown in Table 7 the diffusion coefficient
decreases going from NaCl, MgCl2 to Na2S04. The salt with the lowest diffusion
coefficient shows the highest rejection, whereas that with the highest diffusion coefficient
shows the lowest rejection. From Xu (1999) explained it with the "sieve effect". The
sieve effect depends essentially on the steric hindrance parameter of the solute on the
interface. For a given solute, the sterice hindrance parameter ofa solute depends on the
chemical nature of the solvent andthe material of the membrane surface. Thevalue of the
Stokes can be used as an approximation.
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Table 7: Comparison ofRejection with Diffusion coefficients and their Stokes radius of
different electrolytes in water














Figure 11 also shows the dependency of the rejection on feed concentration. The NaCl
and the Na2S04 rejection slightly decrease with increasing salt concentration for the DK
membrane. For MgCl2 the rejection increases with with increasing salt concentration.
This is might be affected by the steric hindrance behaviours of the hydrated magnesium
ion. In conclusion, for the membrane high retention were found for Na2S04 and for
MgCl2 in concentrated solutions.
2.4.4 Effects of surface force interactions on an NF/UF membrane by Steven J.
Harrold, Dvaid J. Paulson, Greg S.Ross and Brian J. Rudie, April 1992.
In this work, itwas observed the separation characteristics ofanovel, anionically charged
membrane with UF and NF capabilities. The objective of this study was to demonstrate
surface force interactions between the solutes and the membrane resin.
Separation data for B-type membranes with large nonionic organics are shown in Figure
12. The PEG and polysaccharide solutes are typical ofthose used to characterize the size
exclusion properties ofUF membranes. The data suggest that the B-type membrane is
best described as a "tight" ultrafilter with an MWCO ranging from about 2k000 daltons
for polysaccharides to around 5,000 daltons for PEG's. The MWCO result for PEG's is
higher than that for polysaccharides because PEG's are adsorbed by the B-type membrane
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Figure 12: B-#pe membrane retention ofnonionicorganics.
Figure 13 demonstrates that B-type membranes can function as an NF membrane in the
contextof salt separations despite highMWCO ratings for uncharged organics.
KtfO
Bmt
Figure 13: B-type membrane saltretention test conditions. [0.32 m/s
crossflow velocity; 250psig (17 bar), 2000ppm saltconcentration].
Charge repulsion between salt anions and the membrane surface complement separation
due to physical sieving. Sulfate has twice the charge of chloride andis also much larger.
Charge repulsion occurs further from the membrane surface and hence sulfate is more
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easily excluded from membrane pores. Another feature is the effect of calcium and
magnesium on salt separation. Figure 14 show that higher salt concentrations also
decrease salt separation. Increased salt passage reduces the difference in salt
concentrations across the membrane, consequently reducing osmotic pressure and
increasing the available effectivepressure. The effectivepressuredrivingpermeate flux is
the result of osmotic pressure subtracted from applied pressure as measured by a gauge.





Figure 14: Effectofsalt concentration on retention.
From this study, it shows that separation ofthe divalent species was higher. This suggests
that the membrane discriminates between monovalent and divalent salts on the basis of
both ionic size and charge repulsion.
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CHAPTER 3
METHODOLOGY / PROJECT WORK

































From this experiment, it can study those objectives and analysis the data obtain on two
different types of membranes. The basic approach is to set up the critical conditions for
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the feed composition and the pressures ofboth permeate and the retentate stream. The
performances ofthe separation are analyzed by carrying the following condition:
3.2.1 Varying the feedconcentration
3.2.2 Varying the pressure
3.2.3 Varying the chemical
This experiment requires different chemicals which are Sodium Chloride (NaCl) and
Calcium Chloride (CaCl2). The detail procedures are asbelow:
3.2.4 Salt solution (NaCl and CaCl2,) were prepared by adding respective amount of
chemical into 20 liter of de-ionized water to obtain the concentration needed
(i.e0.2M,0.5M and l.OM).
3.2.5 The tank was filled upwith the solution or salt water prepared in step above.
The feed shall always bemaintained atroom temperature (25 °C).
3.2.6 The working pressure was set at 5to 20 bar. The flowrate could becontrolled
at 10 LPM by adjusting regulator PR1 andvalve V8.
3.2.7 The plunger pump was started in order to run the equipment and let it
stabilized. Setmembrane inlet pressure to the appropriate value by adjusting
the retentate control valve.
3.2.8 The system was allowed to run for 5 to 10 minutes. Start collecting sample
from permeate sampling port. The weight and conductivity reading of
permeates were recorded.
3.2.9 Permeate and reject were continuously recycled to thefeed tank.
3.2.10 The plunger pump was stopped andvalves were closed.
3.2.11 Membrane was placed in solutions ofdifferent concentrations and thechanges
in concentration of the solutionwere monitored until equilibrium was reached.
3.2.12 The membrane was washed in deionised water until virtually all chemicals
were leached out before run next experiment.
3.2.11 The graphs were plotted from the data obtained inorder tofind the objectives.
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3.3 Tools and Equipment
For description ofmembranes, there are four membranes which are RO, NF, UF and MF
membranes that were supplied in theequipment but for this study, it is focused only on
RO membrane due to time constraint. The equipment that will be used is SOLTEQ
Membrane Test Unit (Model: TR08) from Solution Engineering Sdn. Bhd. It is specially
designed to allow students and researchers to carry out the membrane processes that are
widely used in biotechnology and process industries. This equipment is supplied with
data acquisition system (DAS). Simply constructed in316 stainless steel, the module has
termination points allowing easy connection by flexible or welded couplings to existing
equipment. The open channel, highly turbulent flow design allows a wide variety of
process fluid to be concentrated. It also allows simple clean-in-place techniques to be













*(Please refer to Figure 1.1 and 1.2 in Appendix Ifor membrane selectivity).
There two types ofpumps are provided with the equipment which Centrifugal and Triple
Plunger pump. The Centrifugal pump is used to circulate the liquid from the plate heat
exchanger to the water tank while Triple Plunger pump is used to pump the liquid from
the feed tank into the membrane. Pressure regulator also installed to regulate the
operating pressure of the feed stream. The Membrane Test Unit is supplied with a feed
tank and a product tank, both having maximum capacity of 20 liters. The feed and
product tanks are made of stainless steel for corrosion and chemical resistance. The
retentate line is equipped with a unit of shell and tube heat exchanger. The process






















Figure 15: Schematic DiagramforMembrane Test Unit (Model: TR 08)
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3.4 Experimental Chemicals and Apparatus
3.4.1 Chemical




Supplier Mallinckrodt Laboratory Chemicals.




Supplier Mallinckrodt Laboratory Chemicals.
Purpose Aqueous solution for surface charges
3.4.2 Apparatus
The following apparatus are usedin the laboratory.






3.4.3 Procedure to clean apparatus
All apparatus used in the experiment are cleaned and dried. Following procedures
outlined here to reduce contamination.
3.4.3.1 Remaining residue / solution is rinsed offusing tap water.
3.4.3.2 Glassware is rinsed with de-ionized water at least twice.
3.4.3.3 Always rinse the conductivity meters before and after each use
with deionised water. The buildup of salts will interfere with
proper operation, and the carryover of salts from one solution to
another can skew the readings.
3.4.3.4 Do not touch or otherwise abrade the electrode surfaces, except
with a soft, nonabrasive cloth.
3.4.4 Personal Protection Equipment
For health and safety purposes, the following equipment were worn while





Safety precautionary steps are observed throughout the experiments to ensure health and
safety oftheauthor andothers are notendangered
3.5.1 Sample preparation





The equipment of Membrane Test Unit was run in order to determine and calculate the
permeate composition. The parameters such as feed composition (concentration) and feed
pressure are varied at constant flowrate. In order to determine the flux and rejection of
salt, firstly, we need to investigate the performance of the membrane. The membrane
used in this research is RO membrane. Charged RO membrane is used for the separation
ofmany aqueous solutions.
RO is positively membrane and membrane type used in this research is polyamide
(aramid). Polyamides are naturally more hydrophilic because it allows water to permeate.
Besides that, this membrane can interact well with water because of the hydrogen
bonding. Polyamide is water sensitive due to hydrogen bonding character of the amide
group. Inside the polyamide membrane, there is not only consist hydrogen bonding.
Between the molecules polyamide itself, there are Van der Waal and dipole-dipole
bonding but it is more strong to hydrogen bonding when interact with water. Polyamide
has very strong tensile strength compared other polymer because it consist all these
bonding,
The performances of the separation are analyzed by carrying the following condition:
4.1 Effect on feed concentration
4.2 Effect on pressure
4.3 Effect on different type of chemical
Below are observation, result and the discussion of the experiment. Method and
procedure of the experiment already explained in Chapter 3.
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4.1 Effect on feed concentration
The objectives of this part are to study the effect at different concentration and also to
observe the conductivity changes in the feed and product tank. Concentration control is
probably the most complex and difficult target to achieve, yet ofthe aim ofaprocess is to
produce a product ofa consistent quality. For the study, the feed concentrations used are
0.2,0.5 and 1.0 Mattwo different aqueous solutions which are Sodium Chloride (NaCl)
and Calcium Chloride (CaCl2). The concentration is determined by using conductivity
meter in order to obtain the conductivity value. Before continued for the experiment,
firstly, the conductivity reading has been taken at different concentration. From the
conductivity value, the concentration ofpermeate water can beobtained.
There are differences between conductivity because of thedifferent of ions. Conductivity
of solutions depends on the concentration and charges of ions in solution. Ions with
higher charges tend to have higher conductivity because they not only carry more charge
but they respond more strongly to an electric field. An ion of calcium (Ca2+) has higher
conductivities than sodium (Na*). Ion calcium with a charge of+2 will carry two times as
much current as a +1 sodium ion. The conductivity will increase proportional to an
increase in amount of ions present in solution. The relation between conductivity and
concentration can be seen in following figure:
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2
Figure 16: Relation between conductivity and concentration ofsalt solution
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In RO, the membrane selectivity is usually quoted as a rejection, and is defined in terms
ofthe fraction ofthe solute in the feed that appears in the permeate:
Cf
i? = *100% (13)
where Cp is the concentration of the permeate and Cf is the concentration of the salt feed
rejections. The membrane rejection is defined as the difference between the feed
concentrations and permeates concentration (Karrie D, Houston), The principle of







Figure 17: Schematic outline ofmembrane separationprocess





where Am is membrane area and dV/dt is gradient from graph of volume against time
plotted.
Inthe process, retentate is recycled to the feed tank and permeate is collected separately.
As the time and pressure increases, the volume of permeate collected increases. The
permeate produced at any instant of time is called the instantaneous permeate. Since the
permeate is removed continuously from the feed, the volume of the feed decreases, the
feed becomes more concentrated with time but it is only slightly change. The change of
feed volume andconcentration canbe neglected. The feed in this type of process can also
be referred to as the concentrate. In this study, it was assumed that the mixture in feed
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tank was well mixed. Thus the concentration of the feed to the membrane equals the
concentration in the feedtank. (P. T. Cardew et. al, 1998)
From the observation, as can be seen in Figure 19and 20, the different concentration in
the feed affects the rejection and the flux characteristics. Figure 18 shows that higher salt
concentration will reduce the rejection from 99.26% to 72.25% and Figure 19 shows flux
(in the presence of NaCl) through the membrane drop from 14.7 to 0.09 L/m2.h at
maximum pressure as the concentration in the feed is increased from 0.2 to 1.0 M. The
flux and rejection values were calculated by using equation (13) and (14) respectively.
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Figure 18: Effect ofrejection on different ofconcentrationforSodium Chloride
Qrapn of Fluxvs Pressure for NaCl
-NaCl = Q.SM
-NaCl = 1 AM
Figure 19: Effect offlux on differentpressuresfor Sodium Chloride
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While in presence of CaCl2, the rejection also shows the same condition as NaCl. The
rejection tends to decrease as the concentration increased even though at different salt
solution. The Figure 20 below presents the rejection ofCaCl2 at different concentration.
Graph of Rejection vs Concentration
120 t- - ••
CancanmnkNIfM)
Figure 20: Effectofrejection on different ofconcentrationfor Calcium Chloride
The rejection is reduced from 96.83 % to 64.83% as the concentration is increased while
flux also decreased from 4.16 to 0.28 L/m2.h (refer Figure 21) as increase the
concentration at maximum pressure.




Figure 21: Effectofflux on differentpressurefor Calcium Chloride
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From the both graphs above, it shows the dependency of the flux and rejection on feed
concentration. The reducing in the rejection canbe due to the ion being too large to pass
through the membrane.
Although a positively charged RO membrane could have high rejections of salt at low
concentration due to charge repulsion. At high concentration of salts, the charge effects
would be masked and it would be expected that the rejection of the salt decreases
significantly. This result is expected since as the salt concentration is increased, the
partial rejection of the salt ions, decreases. The results obtained in this research are
complied with A. Schonauer et. al, and Steven J. Harrold et. al, 1992.
For a membrane under steady state condition, when the solution flows through thesystem
parallel to the membrane surface at a given rate, both the solute and the solvent are forced
to pass through the membrane owing tothe action ofthe pressure difference. The solvent
can pass through the membrane completely but most of the solute accumulates at the
surface due to the rejection caused by the membrane. Thus a concentration gradient is
built between the membrane surface and bulk solution, which makes the solute diffuse
back towards the bulk solution. The higher the solute concentration at the membrane
surface the lower will be solute permeation rate of the solvent. This unfavorable
phenomenon iscalled concentration polarization.
In other meaning, as water flows through the membrane and salts are rejected by the
membrane, a boundary layer is formed near the membrane surface in which the salt
concentration exceeds the salt concentration in the bulk solution. This increase of salt
concentration is called concentration polarization. The effect of concentration
polarization is to reduce actual product water flow rate and salt rejection versus
theoretical estimates.
The concentration polarization factor (CPF) can bedefined as a ratio ofsalt concentration




An increase in permeate flux will increase the delivery rate of ions to the membrane
surface and increase Cs. An increase of feed flow reduces the thickness of the high
concentration layernearthe membrane surface.
4.2 Effect on pressure
The mechanism of pressure effect is high-pressure pump pumps salt solution into a
module separated by a semi permeable membrane into two volumes, which are permeate
and retentate. The membrane lets water flow through it butblocks the transport of salts,
so the water in the volume beyond the membrane, called permeate, and the salt is left
behind in the volume in front of the membrane. The concentrated salt water in this
volume leaves the membrane via a pressure control valve. Figure 22 and 23 show the
effect of pressure on solvent flux. The pressure is varied from minimum (5 bar) to
maximum (20 bar) and both fluxes for different graph increase linearly with pressure.
The graph offlux is shown below for NaCl solution. By increasing the pressure, the value
offlux increased, while as the concentration increased the flux slightly increased.
Graph of Flux vs Pressure for NaCl
Figure 22: Effect offlux on differentpressuresforSodium Chloride
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For CaCl2, the trend ofthe graph issame as trend ofthe graph for NaCl. Figure 23 shows
the graph of flux for CaCl2 solution.
0.6-
0




Figure 23: Effect offlux on differentpressureforCalcium Chloride
Both graphs for NaCl and CaCl2 show similarly behaviour. As we can seen from both
graph above, the increasing the pressure will increase the value of flux. But as the
concentration increase, thevalue of flux will become smaller. It also shows the different
flux at different salt solution (NaCl and CaCl2). The value offlux for NaCl is greater than
the value of flux for CaCl2. This is because of the different chemicals that gave the
different flux. The detailed explanation will be discussed in the part of effect on
chemicals.
The effective pressure driving permeate flux is the result ofosmotic pressure subtracted
from applied pressure as measured by a gauge. Higher effective pressure results in higher
permeate water flux. Using the standard equation for water flux in a pressure driven
membrane is defined as:
Jv =A(AP-bx) (15)
where A is the water permeability coefficient, AP is the applied pressure difference, and
Arc is the osmotic pressure difference. As can be seen, the flux will be expected to
increase linearly with applied pressure. The solvent flux of the permeate depends on the
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pressureapplied across the membrane, minus the differencein the osmotic pressureof the
solutionsof the feed and permeate side of the membrane. (Emma Gibbins et. al, 2002)
Since the flux is dependent on pressure, an increase in pressure will increase solvent flux
at constant solute flux. Consequently the percentage of the rejection will increase as
increase in pressure. It can be prove by Figure 24 that shows the relation between
rejection and pressure for salt solution. For both salt solutions, it shows the same trend of
rejection.





Figure 24: Relationbetween rejectionandpressurefor Sodium Chloride
If the feed becomes so concentrated, the flux drops, due to a large increase in the osmotic
pressure of the feed. The osmotic pressure of solution increases with the increasing
concentration and temperature directly. The results also consistent with the result ofP.T.
Cardew et. al, 1998 and Emma Gibbin et. al, 2002.
The flux also is determined for pure water. The experiment done by using deionised
water. The volume of the permeate increases with the time and pressure increased. The
flux is increased as increasing the volume. From equation (15), for deionised water, n/=
0, so Jw - AAP, thus there is no rejection occur.
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Graph of Flux vs Pressurer
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Figure 25:Effect offluxfor purewater ondifferentpressure
From Figure 25, the purpose to find the flux by using the deionised water is to compare
the different of flux between NaCl and CaCl2 solution. It can be seen that the flux of
deionised water or pure water is much greater than both salt solution. This is because,
inside the pure water, there is consisted no solute that will decrease the fluxvalue and no
rejection is occurred.
4.3 Effect on different type of chemicals
The behavior of RO membrane in the separation of high ionic strength electrolyte
solutions composed of different charged ions was studied. In this part of result and
discussion, experiments with single salt solutions will be described which were carried
out with a commercially available RO membrane. Also in this study different solution
systems will be used to compare the rejection behaviour of RO membrane monovalent
and divalent cations of sodium sulphate and calcium chloride, respectively. The
separation mechanism of RO membrane was investigated with different ionic systems
and with higher ionic strength solutions.
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In Figure 26, the rejection is plotted against the salt concentration in the feed of the
solution.
Graph of Rejection vs Concentration




Figure 26: Relationship between rejection and concentration on different chemicals
In infinitely diluted solutions the membrane shows the following salt rejection (R)
sequence:
R(CaCl2)<R(NaCl)
The different of these two ions due to the surface charge on the membrane. The
mechanism of this condition is shown in Figure 27 below. RO membrane is positively
charge. Aqueous solution electrolyte contains negative and positive ions init. The surface
charge ofthe polymer membrane would repel the same charge particles of the electrolyte
and leavethe remaining charges inside the solution.
The rejection of CaCl2 is reduced not because of the divalent ions of Ca2+ in the calcium








Figure 27: Effect ofSurface Charges to Aqueous Solution
For CaCl2, the rejection increases with increasing salt concentration but decreases with
the divalent ions of Ca2+. Charge repulsion between salt cations and the membrane
surface complement separation due to physical sieving. In this case, for example, the
membrane's ability to discriminate between NaCl and CaCl2. Calcium has twice the
charge of sodium and also much larger. Charge repulsion occurs further from the
membrane surface and hence calcium is easily excluded from membrane pores. But for
this case, it is different. The larger molecular weight will decrease the rejection even
though the ion has +2 charges. Molecular weight for Na+ is 23 is much lower than Ca2+
which 40.1. Thus, the sodium is easy to separate from NaCl solution compared to
calcium from CaCl2 solution.
The rejection of CaCl2 also decreases because of the ionic radii. Higher in ionic radii is
decreased the rejection. The same situation is happened to calcium. An ionic radius for
calcium is bigger than sodium. The calcium is hardly to separate from membrane pores.
Because of this factor, the rejection declined as the concentration decreased. The
relationship between rejection and concentration is inversely proportional. The rejection
of CaCl2 is lower than the rejection of NaCl. The comparison between calcium and
sodiumis shownin Table 9 and 10below. Thus, the result for this study is compliedwith
theory done by Steven J. Harrold et. al, 1992.
42








Calcium ion Ca* 40.1 0.99 A +2
Sodium ion Na+ 23.0 0.95 A +1
Table 9:Rejection of different solutes by ROmembrane
Solute Molecular Weight (g/mol) Rejection (%)
Sodium Chloride 58 >99
Calcium Chloride 111 99
RO membrane did separate monovalent and divalent salts; separation of thedivalent ion
was higher. This suggests that the membrane discriminates between monovalent and
divalent salts on the basis ofionic size, molecular weight and chargerepulsion.
4.4 Experimental error
In this research, the experiments faced some difficulties due to the equipment problem.
The leakage occurred onthis equipment. This leakage will affect thevolume of permeate.
Thus, it will affect the value of the flux obtained. Discussion of the errors is included to
aid future students or researchers avoid similar problems.
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4.5 Initiative taken to improve results
The project has deviated several times from the original schedule and plans totest atleast
three sets of chemicals by varying the concentration andpressure at different membranes
which areRO andNF membrane, would give higher level of confidence. Currently, only
two chemicals have been tested on RO membrane due to time constraint.
4.5.1 A "pre-trial" run was completed to ensure the usefulness of each membrane.
After theequipment was washed with deionised water, theexperimental setup
was assembledand the tank was filled with ultra pure water (deionisedwater).
The flux was measured at five minute intervals. At the end ofan hour, the flux
readings were compared. If the flux measurements were consistent, the
membrane was considered undamaged andtherefore suitable for testing.
4.5.2 Some of the membranes contained residual chemicals that gave falsely high
readings initial test. All the membranes were therefore washed in deionised
water until all chemicals were leached out before next experiment. The
purpose isto remove the unreacted chemicals and the most important is inside
the membrane in order to get the accurate data.
4.5.3 The volume of permeate through themembrane was measured until itbecame
steady.
4.5.4 The conductivity meter was rinsed before and after each use with deionised
water. The buildup of salts will interfere with proper operation, and the
carryover ofsalts from one solution to another canskew thereadings.
4.5.5 The average reading is taken from each four membrane ofRO. It will give a




The purpose ofthis study was to show the performance and characteristic ofcharged RO
membrane inaqueous solution and relate these properties to measurable parameters such
as pressure, concentration and type of chemicals. It has been shown that a flux and
rejection increased with pressure but decreased with concentration. More concentrated
the solution will reduce the rejection inthepositively charged RO membrane. As well as
the rejection characteristics of aqueous solution, the flux of RO membrane in the
presence both solvent sand salts were established. With highly hydrophilic RO
membrane, the flux decreased through the membrane due to the increasing of
concentration.
In RO membrane, the rejection and flux of NaCl is greater than CaCl2 in concentrated
solutions. The ionic radius and molecular weight of Na+ is smaller compared to Ca .
Thus, NaCl gave higher flux andrejection compared to CaCl2.
It canbe shown that thefluxandrejection is the function of pressure andconcentrations.
• Fluxandrejection decreased as the saltconcentration is increased.
• Flux and rejection increased with increasing the pressure across themembrane.
• Higher inmolecular weight and ionic size, reduced the flux and rejection.
From several experiments that have been performed, objectives of this research have
been achieved. Therefore, additional study and research have to be conducted in orderto
enhance the performance of the membrane. The problem of leakage in the equipment
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1 Retentioncharacter depend on severalp«wnet^
therefore be used ase guide only.
1 1 tow, 5 high
J + low; +++ high
*Maximum pressure limited by module.
Figure 1.2: Datafor different type ofmembranes
APPENDIX 2: OVERVIEW OF MEMBRANE TEST UNIT (MODEL:TR08)
Figure 2.1: Front viewforequipment ofMembrane Test Unit
Figure2.2: Side view ofMembrane Test Unit
APPENDIX 3: DATA OF SODIUM CHLORIDE FOR CONCENTRATION « 0.2M





Amount of water for each membrane
Reading M1 m m M4 Average (g) Average (mL)
1 0 0 0 0 0 0
2 20 3.7 5.4 13.3 14.8 9.30 9.32756
3 40 4.0 5.9 13.5 15.9 9.83 9.85913
4 60 3.8 6.0 14.2 16.6 10.15 10.18008
5 80 3.9 6.0 15.3 17.0 10.55 10.58127
6 100 4.1 6.1 16.2 17.2 10.90 10.93230
7 120 4.4 6.1 17.2 17.5 11.30 11.33349
8 140 4.4 6.2 17.4 17.6 11.40 11.43379
Table 1.2: Water permeate for 10 bar
P« 10 bar
Amount of water for each membrane





















3 40 63.6 63.5 59.9 44.9 57.98 58.15184
4 60 76.6 77.0 74.5 57.6 71.43 71.64171
5 80 89.2 89.1 87.4 69.2 83.73 83.97816
6 100 103.3 104.1 116.6 83.2 101.80 102.10171
7 120 118.1 120.0 119.7 97.7 113.88 114.21751
8 140 132.6 134.2 135.3 110.8 128.23 128.61004
Table 13: Water permeate for 15 bar
P = 15bar _ _


















2 10 51.9 54.0 53.4 51.9 52.80 52.95649
3 20 81.5 85.2 86.0 81.2 83.48 83.72740
4 30 124.8 128.4 132.3 123.4 127.23 127.60708
5 40 157.3 162.2 168.0 156.1 160.90 161.37687
6 50 199.5 205.6 214.2 198.1 204.35 204.95564
7 60 237.6 245.2 255.8 235.9 243.63 244.35206
8 70 272.0 281.5 293.5 270.6 279.40 280.22807
Table 1.4: Water permeate for 20 bar
P* 20 bar. . .__ . .._.^__
Amount of water for each membrane
M2 M3 • M4 Average (g) Average (mL)Reading " Timejmin) Ml
1 0 0 0 0 0 0 0
2 5 95.6 98.1 101.7 94.7 97.53 97.81404
3 10 146.3 150.8 157.0 145.4 149.88 150.31919
4 15 177.7 183.8 210.2 177.1 187.20 187.75482
5 20 232.1 240.7 250.9 231.7 238.85 239.55789
6 25 273.3 283.2 295.7 272.5 281.18 282.00833
7 30 327.6 338.0 353.2 324.9 335.93 336.92060
8 35 388.3 401.8 419.6 385.3 398.75 399.93180
Table 1.5: ]Data for conductivity of feed and permeate
Pressure Conductivity permeate, CD (mS) Average (mS) Conductivity feed, Cf (mS)
0 0 0 0
5 1.5 1.5 16.3
10 1.30 0.97 1.40 0.93 1.15 17.3
15 0.40 0.23 0.40 0.24 0.32 19.2
20 0.16 0.10 0.24 0.10 0.15 20.3
Table 1.6: Flux and rejection for different pressure














Graph ofVolume vs Time
140 160
♦ P = 5bar
• P = 10bar
*P-15bar
• P * 20 bar
Figure 3.1: Graph ofvolume against timefor differentpressure




Figure 3.2: Graph offlux againstpressure
-NaCI = 02M
16
APPENDIX 4: DATA OFSODIUM CHLORIDE FORCONCENTRATION - 0.5M




, for 5 bar
P = 5bar
Amount of water
_M1 "~M2 * M3"" M4
0 " 0 ""' 0 " 0
for each membrane
Reading Average (g) Average (mL)
1 0 0
2 1.3 1.0 1.4 3.0 1.68 1.68498
3 40 1.5 1.0 1.6 3.8 1.98 1.98587
4 60 1.7 1.1 2.0 4.4 2.30 2.30682
5 80 1.6 1.1 2.8 4.8 2.56 2.56759
6 100 1.8 1.2 4.0 4.9 2.98 2.98883
7 120 1.8 1.2 4.1 5.1 3.05 3.05904
8 140 1.9 1.2 4.5 5.2 3.20 3.20948
Table 2.2: Water permeate for 10 bar
P = 10.bar _ ______
Amount of water for each membrane
M2 M3 M4 Average (g) Average (mL)Reading Timejmin) M1 _M2
1 0 0 b 0 0 0 0
2 20 0.3 0.5 7.0 0.4 2.05 2.05608
3 40 0.7 0.9 9.7 0.3 2.90 2.90859
4 60 2.9 0.9 10.5 0.3 3.65 3.66082
5 80 3.5 1.0 11.5 0.3 4.08 4.09209
6 100 4.2 1.1 12.7 0.3 4.58 4.59357
7 120 4.6 1.1 13.9 0.3 4.98 4.99476
8 140 5.1 1.2 15.2 0.2 5.43 5.44609
Table 2.3: Water permeate for 15 bar
P = 15bar J
Reading Time (min)
Amount of water for each membrane
M1 M2 M3 M4 Average (g) Average (mL)
1 0 0 0 0 0 0 0
2 10 6.6 13.8 13.2 0.2 8.45 8.47504
3 20 8.2 17.2 16.4 1.4 10.80 10.83201
4 30 10.2 19.5 20.1 3.4 13.30 13.33942
5 40 13.1 20.5 23.0 5.7 15.58 15.62618
6 50 17.2 21.8 25.3 7.9 18.05 18.10350
7 60 18.8 25.1 27.6 9.9 20.35 20.41031
8 70 20.3 26.0 29.8 12.3 22.10 22.16550
Table 2.4: Water permeate for 20 bar
P = 20bar
Amount of water for each membrane
M2 M3 M4 Average (gj Average (mL)Reading Tlmejmin) __M1
1 0 0 0 0 0 0 0
2 10 19.2 18.6 20.2 20.1 19.53 19.58788
3 20 27.8 27.5 29.7 28.4 28.35 28.43402
4 30 36.9 36.1 39.3 36.8 37.28 37.39049
5 40 43.7 43.0 46.6 43.5 44.10 44.23070
6 50 49.5 48.3 53.1 48.7 49.90 50.04789
7 60 56.4 55.4 60.7 54.8 56.83 56.99843
8 70 61.8 61.2 66.8 60.3 62.53 62.71532
Pressure Conductivity permeate, Cp (rr»S) Average (mS) Conductivity feed, Cf (mS)
0 0 0 0
5 12.2 12.20 32.5
10 1(3.30 10.30 34.2
15 11.40 14.20 8.40 7.00 10.25 36.1
20 3.40 3.60 5.40 3.60 4.00 36.7











Figure 4.1: Graph ofvolume against timefor differentpressure




Figure 4.2: Graph offlux againstpressure
25
-NaCi»0.5M
Graph of Rejection vs Pressure
10 IS
Pressure, bar
Figure 4.3: Graph ofrejection againstpressure
•NaCl«0.5M
25
APPENDIX 5: DATA OF SODIUM CHLORIDE FOR CONCENTRATION - l.OM
Table 3.1: i^Vater permeate; for 5 bar
P = 5bar
Reading Time (min)
Amount of water for each membrane
M1 M2 m^1 M4 Average (g) Average (mL)
1 0 0 0 0 0 0 0
2 20 0.3 0.8 1.2 2.9 1.30 1.30385
3 40 0.3 1.0 1.2 3.4 1.48 1.48439
4 60 0.4 1.1 1.4 3.7 1.65 1.65489
5 80 0.5 1.2 1.5 3.9 1.78 1.78528
6 100 0.5 1.3 1.8 4.0 1.90 1.90563
7 120 0.5 1.3 2.7 4.1 2.15 2.15637






















2 20 1.7 0.3 4.6 0.2 1.70 1.70504
3 40 2.2 0.6 6.1 0.3 2.30 2.30682
4 60 2.7 0.7 7.1 0.3 2.70 2.70800
5 80 3.2 0.8 7.9 0.4 3.08 3.08913
6 100 3.7 1.0 8.7 0.3 3.43 3.44017
7 120 4.1 1.1 9.6 0.5 3.83 3.84135
8 140 4.7 1.5 10.9 0.4 4.38 4.39298
Table 3.3: Water permeate for 15 bar
P = 1_5_bar

















2 20 1.5 2.5 2.5 0.1 1.65 1.65489
3 40 2.4 3.1 4.1 0.3 2.43 2.43720
4 60 3.0 3.7 5.9 0.3 3.23 3.23957
5 80 4.7 4.5 8.4 0.3 4.48 4.49328
6 100 5.7 4.8 10.2 0.2 5.23 5.24550
7 120 6.6 5.4 11.9 0.3 6.05 6.06793
8 140 7.1 5.7 13.1 0.4 6.58 6.59950
Table 3.4: Water permeate for 20 bar
P-tO bar. __ ... „_^__

















2 20 3.1 2.2 5.3 0.0 2.65 2.65785
3 40 4.2 2.3 6.5 0.1 3.28 3.28972
4 60 4.9 2.8 7.4 0.1 3.80 3.81126
5 80 6.7 3.5 10.3 0.9 5.35 5.36586
6 100 7.9 5.3 12.3 1.9 6.85 6.87030
7 120 8.7 6.6 13.6 2.8 7.93 7.95350
8 140 9.7 8.0 14.9 4.1 9.18 9.20721
Table 3.5: Data for conductivity offeed and permeate
Average























Figure 5.1: Graph ofvolume against timefor differentpressure









XP « 20 bar
-NaCl = 1.0M
80




Figure 5.3: Graph ofrejection againstpressure
-NaCl-1.0
25
APPENDIX 6: DATAOF CALCIUM CHLORIDE FOR CONCENTRATION =0.2M
Table 4.1: Water permeate for 5 bar
P = 5bar
Amount of water for each membrane








~~ 2 " i.5 2.4 3.38 3.39002
3 40 1.7 2.6 2.9 7.9 3.78 3.79120
4 60 2.0 2.7 3.3 8.3 4.08 4.09209
5 80 2.3 2.9 4.2 8.9 4.58 4.59357
6 100 2.6 3.0 5.0 9.3 4.98 4.99476
7 120 2.9 3.0 5.9 9.4 5.30 5.31571
8 140 3.2 3.1 6.7 9.5 5.63 5.64669
Table 4.2: Water permeate for 10 bar
P = 10_bar
















2 20 4.4 4.1 7.1 0.9 4.13 4.14224
3 40 5.6 4.1 8.8 1.2 4.93 4.94461
4 60 5.8 5.7 9.6 1.2 5.58 5.59654
5 80 6.6 6.5 11.1 1.3 6.38 6.39891
6 100 7.5 7.5 12.8 1.6 7.35 7.37178
7 120 8.9 8.3 14.1 2.0 8.33 8.35469
8 140 9.8 9.1 15.2 3.2 9.33 9.35264
Table 4.3: Water permeate for 15 bar
P = 15bar

















2 10 15.1 14.2 16.3 5.6 12.80 12.83794
3 20 22.0 21.7 24.1 12.0 19.95 20.00913
4 30 30.1 29.8 32.6 20.6 28.23 28.31367
5 40 38.2 38.2 41.5 32.9 37.70 37.81173
6 50 46.8 46.8 51.0 41.1 46.43 46.56761
7 60 53.9 53.7 58.4 47.5 53.38 53.53821
8 70 58.6 53.4 61.2 53.2 56.60 56.76775








Amount of water for each membrane
M2 " M3 M4 Average (g) Average (mL)
0 6 Of 0 0
2 10 28.1 26.8 28.1 25.6 27.15 27.23047
3 20 42.1 42.0 55.6 39.3 44.75 _j 44.88263
4 30 56.2 56.3 69.6 52.3 58.60 58.77368
5 40 68.0 68.6 83.0 63.3 70.73 70.93963
6 50 79.8 80.7 94.7 74.8 82.50 82.74451
7 60 89.4 90.8 105.7 84.0 92.48 92.75409
8 70 100.7 103.1 119.3 96.3 104.85 105.16075
Table 4.5: Data for conductivity of feed and permeate
Pressure Conductivitypermeate, Cp (mS) Average (mS) Conductivity feed, Cf (mS)
0 0 0 0
5 28.8 28.8 9.6
10 3 0.3 30.3 8.5
15 3.70 3.90 3.80 5.70 32.2 4.4
20 0.90 0.90 1.50 0.80 32.5 1.03












































Figure 6.3: Graph ofrejection againstpressure
-CaCI2-0.2M
25
APPENDIX 7: DATA OF CALCIUM CHLORIDE FOR CONCENTRATION - 0.5M
Table 5.1: Water permeate for 5 bar
P & 5 bar
Reading Time (min)
Amount of water for each membrane
M1 M2 M3 M4 Average (g) Average (mL)
1 0 0 0 0 0 0 0
2 20 0.1 0.5 0.4 0.5 0.38 0.38113
3 40 0.1 0.7 0.6 0.7 0.52 0.52154
4 60 0.1 1.1 1.0 0.9 0.79 0.79234
5 80 0.2 1.3 1.2 1.1 0.96 0.96285
6 100 0.2 2.0 1.8 1.7 1.44 1.44427
7 120 0.3 2.5 2.4 2.1 1.85 1.85548






Amount of water for each membrane
M2 M3 M4 ! Average (g) Average (mL)
0 0 0 0 0
2 20 0.1 0.4 0.4 0.9 0.45 0.45133
3 40 0.4 0.5 2.5 1.0 1.10 1.10326
4 60 0.5 0.6 3.7 1.0 1.45 1.45430
5 80 0,9 0.9 5.8 1.0 2.15 2.15637
6 100 2.5 1.0 7.3 1.0 2.95 2.95874
7 120 3.1 1.1 8.0 1.0 3.30 3.30978
8 140 3.7 1.2 9.4 1.0 3.83 3.84135
Table 5.3: Water permeate for 15 bar
P_=15bar

















2 20 2.2 0.5 4.5 0.0 1.80 1.80533
3 40 3.0 0.6 6.2 0.0 2.45 2.45726
4 60 3.8 0.7 7.4 0.4 3.08 3.08913
5 80 4.4 0.9 8.5 0.5 3.56 3.57055
6 100 4.9 1.1 9.8 0.6 4.10 4.11215
7 120 5.6 1.6 11.1 0.7 4.83 4.84431
8 140 6.3 1.9 12.1 0.8 5.24 5.25553












1 0 0 0 0 0
2 20 4.2 1.3 6.3 0.0 2.95 2.95874
3 40 7.4 4.7 10.4 0.2 5.68 5.69683
4 60 9.8 8.9 13.2 0.0 7.98 8.00365
5 80 12.5 12.0 17.0 0.2 10.38 10.41076
6 100 15.3 15.6 21.3 2.0 13.55 13.59016
7 120 17.6 17.7 24.4 4.5 16.05 16.09757
8 140 20.9 19.4 27.4 6.5 18.55 18.60498
Table 5.5: Data for conductivity of feed anc permeate






5 20.40 20.40 49.30
10 19.60 19.60 51.90
15 19.20 19.20 54.10
20 18.80 18.80 57.80





















• P" 10 bar
A P-15 bar
• P=»20bar
—Linear (P= 15 bar)
——Linear (P* 10 bar)
^—linear (P a 5 bar)
—Linear (P-20 bar)
Figure 7.1: Graph ofvolume against timefor differentpressure
Graph of Fiux vs Pressure
-CaCK'O.SM
Figure 7,2: Graph offlux againstpressure





Figure 7.3: Graph ofrejection againstpressure
APPENDIX 8: DATA OF CALCIUM CHLORIDE FOR CONCENTRATION = l.OM
Table 6.1:1Water permeate for 5 bar
P = Sbar
Reading Time (min)
Amount of water for each membrane
M1 M2 M3 M4 Average (g) Average {mL)
1 0 0 0 0 0 0 0
2 20 0.1 0.3 0.2 0.0 0.15 0.15044
3 40 0.1 0.6 0.4 0.1 0.29 0.29086
4 60 0.1 0.7 0.5 0.1 0.35 0.35104
5 80 0.2 1.5 1.1 0.2 0.76 0.76225
6 100 0.2 2.5 1.5 0.3 1.12 1.12332
7 120 0.3 2.9 1.7 0.3 1.30 1.30385
8 140 0.3 3.4 1.9 0.4 1.49 1.49442
Table 6.2: Water permeate for 10 bar
P = 1_0bar
Amount of water for each membrane
Reading Time (min) M1
0
M2 M3 M4 Average [g]_ Average (mL)
1 0 0 0 0 0 0
2 20 0.2 0.0 0.1 0.1 0.10 0.10030
3 40 0.2 0.5 0.7 0.4 0.45 0.45133
4 60 0.3 1.0 0.9 0.7 0.73 0.73216
5 80 0.4 2.0 1.4 1.0 1.20 1.20356
6 100 0.5 2.5 1.7 1.2 1.47 1.47436
7 120 0.5 3.3 1.9 1.5 1.81 1.81536
8 140 0.6 3.9 2.2 1.8 2.12 2.12628
Table 6.3: Water permeate for 15 bar
P = 15bar













2 20 0.2 0.3 0.1 1.4 0.50 0.50148
3 40 0.3 07 0.2 2.7 0.98 0.98290
4 60 0.4 1.2 0.5 4.0 1.52 1.52450
5 80 0.6 1.9 0.9 4.8 2.04 2.04605
6 100 0.7 2.6 1.3 5.3 2.48 2.48735
7 120 1.0 3.2 1.5 5.9 2.89 2.89857
8 140 1.3 3.7 1.9 6.7 3.40 3.41008








Amount of water for each membrane
M2 M3 W4 ..Average (g) Average (mL)
o o b o o
2 20 0.5 4.2 0.7 0.9 1.58 1.58468
3 40 0.9 4.6 1.2 1.5 2.06 2.06611
4 60 1.5 6.0 1.6 2.1 2.81 2.81833
5 80 1.8 6.5 1.9 2.8 3.26 3.26966
6 100 2.3 14.5 2.5 3.8 5.78 5.79713
7 120 2.7 17.3 3.4 4.6 6.99 7.01072
8 140 3.2 19.3 4.0 5.1 7.89 7.91338
Table 6.5: Data for conductivity of feed and permeate





0 0 0 0
5 49.50 49.50 97.30
10 44.30 44.30 98.20
15 40.50 40.50 106.40
20 39.50 39.50 112.30




















♦ P " 5 bar
• PMObar
A P-15bar
- P = 20bar
—Linear (P * 20 bar)
^—Unear{P«15bar)
—Linear (P = 10 bar)
—— Linear (Pa 5 bar)
Figure8.1: Graph ofvolume against timefor differentpressure














Figure S3: Graph ofrejectionagainstpressure
-CaCB«1.0M
25
